The interpretation of phenomena occurring in the atmospheres of the planets requires a knowledge of the rates of a large variety of atomic collision processes. In this summary, we select some of the more significant problems posed by our present understanding of the atmospheres of the planets Earth and Mars.
Substantial progress has been made during the last decade in the laboratory determination of the rates of the thermal chemical reactions which determine the structure of the atmosphere and ionosphere of the planet Earth, and comprehensive reviews have appeared of the laboratory measurements of reactions involving oxygen and nitrogen and involving hydrogen (Kaufman 1964) . Most of the measurements refer to a narrow temperature region about room temperature and e8orts to extend the temperature range to that occurring in the atmosphere (150' -3000'K) are necessary. The role of metastable species in affecting the chemistry of the atmosphere has not been seriously explored yet, largely because there are few measurements of reactions in which the states of the reacting species are identified. Hunt (1966) has recently extended the original work of Bates and Nicolet (1950) on the photochemistry of an oxygenhydrogen atmosphere and he has investigated in detail the diurnal variation of the ozone concentration. For a recent experimental investigation see Carver, Horton, and Burger (1966) . Hunt's papers include a list of reaction rates. Of special interest is his demonstration that the metastable 'D atom of oxygen may play a significant role, despite its low concentration. Its importance appears to stem from the reaction Q(lD) +H 0~OH jQH which leads to a source of free hydrogen atoms in the stratosphere. A major uncertainty in the calculation is the e%ciency of deactivation of the metastable 0('D) atoms. The 'D level is the upper level of the red line of atomic oxygen, the emission of which has been observed in the night and day airglow. The observed day- (1)
The reaction scheme used by Hunt, with which he is able to reproduce the measured ozone profile, is based on a, rate for (1) smaller by about two orders of magnitude.
The presence of 0('D) atoms in the atmosphere may have important consequences on the nitrogen oxide chemistry also, but the rates of the possible reactions of 0('D) atoms with the various nitrogen oxides (which are largely unknown) are necessary before a realistic analysis can be carried out.
The metastable species of molecular oxygen may also affect the hydrogenoxygen chemistry and the nitrogen oxides chemistry. 02 molecules in the '6, state are produced by a number of processes, the most abundant of which may be photodissociation in the Hartley continuum of ozone. The metastable molecules have been detected in the twilight and day airglow (Gattinger and Valiance Jones 1966) . The production and loss mechanisms have been studied by Gattinger and Valiance Jones (1966) and by Schiff and Megill (1964) , who draw attention to the possible effect of the reaction 02('hg) +03~02+02+0 on the ozone chemistry. Hunt (1966) has presented a list of some of the reactions involving 02('6, ) and 02('Z,+), but the identification of the important reactions is tentative and the rate coefficients are very uncertain. Recent laboratory work on 02('6, ) has been reported by Badger, Wright, and Whitlock (1965) .
The twilight emission of the 0 -1 02 band of the system is much weaker than predicted and the theory does not explain the seasonal, annual, or eveningmorning variations (Gattinger and Valiance Jones 1966) .
The chemistry of the metastable '6, states of 02 requires clarification in connection with a suggestion 0+02 -03+e may also be significant. The early theoretical suggestion that the rate coefficients may be as high as 10 " cm' sec ' have been confirmed by laboratory measurements of Fehsenfeld et al. (1967) , who find that many associative detachment processes proceed with rates of about 10 ' cm' sec '.
Analyses of D-region phenomena suggest that in practice detachment does not occur rapidly and it appears necessary to transform 02 into a different negative ion which cannot participate in an efficient associative detachment process. A partial list of the relevant chemical reactions can be obtained from papers by Dalgarno (1961) , Whitten and Popoff (1962) , and Branscomb (1964) .
It is now established that nitric oxide is an important. constituent of the upper atmosphere, its ionization by solar Lyman-alpha being the principal source of electrons in the quiet upper D region. Barth (1966) has detected NO by its fluorescence in the dayglow and he has determined a total abundance of 2.5&(10" cm' above 76 km. The production of NO has been studied most recently by Nicolet (1965) and by Wagner (1966) , who give a list of the reactions involved in the nitrogen oxides chemistry together with estimates of the rate coefFicients. Further laboratory study of the reaction N+02 -+NO+0 would be valuable. It is sensitive to temperature and the conventional method of extrapolating the data to higher and lower temperatures may be misleading. Another source of NO is provided by the ionic reaction 02++Ng -+NO++ NO.
(2) Upper limits to its rate coefficient have been derived from laboratory measurements (Galli, Giardini-Guidoni, and Volpi 1963, Ferguson, Fehsenfeld, Goldan, and Schmeltekopf 1965) , but its actual value at D-region temperatures is unknown. Reaction (2) is also an important reaction in the chemistry of the ionic species, a subject which has been discussed most recently by Donahue (1966) , who gives an extensive list of the chemical reactions affecting the major ions 0+, O~+, N2+, and NO+. Most of the relevant rate coefficients have been measured and reported in a series of papers, summarized by Ferguson et al. (1965) and Goldan et af (1966) , but usu. ally only at room temperature.
There is reasonable agreement between the theoretical by Megill and Hasted (1965) that the detachment reaction 02('&g) +02~0~+02+e may be significant in the D region during a polar cap absorption event and possible also in the undisturbed D region.
Associative detachment and observed ion concentrations above 90 km (cf. Donahue 1966) , but the-position below 90 km is obscure. According to Donahue (1966) , it is difficult to reconcile the reaction scheme selected for the I and Ii regions with the large 02+ concentrations detected in the D region by Narcissi and Bailey (1965) . It may be noted that the metastable 02+('z. ), which is produced in the atmosphere (Dalgarno and McElroy 1965) , has been omitted from consideration. Little is known of the reactions responsible for its removal; they have been discussed brieRy by Hunten and McElroy (1966) , who have given a valuable, general review of deactivation processes in the atmosphere (see also Young and Black 1966). Reactions involving the metastable 0+('D) ion may also affect the ionic chemistry (Dalgarno and McElroy 1966) .
A number of problems involving the identification of the reactions responsible are posed by the mass spectrometer measurements of Narcissi and Bailey (1965) (see also Narcissi 1966) , who discovered that complex ions, consisting possibly of water-vapor clusters, are the dominant ionic species in the lower D region.
However, the most serious difficulty in interpreting ionic composition in the ionosphere is probably that presented by the observed high abundance of positive helium ions in the topside ionosphere. The rate coeKcients measured for He++N2~He+N2+ (or N+N+) (cf. Ferguson et al. 1965 ) are apparently much too large (cf. Bauer 1966) . Fither there is an abundant source of He+ as yet unrecognized or the measured rate coefficient is not applicable in ionospheric conditions. Stebbings, Rutherford, and Turner (1965) has suggested that the degree of vibrational excitation may be relevant, but further study is necessary. The process is also of interest in connection with the escape of neutral helium from the atmosphere and with the production at high altitudes of N + and N+ ions. The degree of vibrational excitation of the atmospheric molecules merits further study, especially since Schmeltekopf et al (1967) have .recently demonstrated in the laboratory that the rate of 0++N, -+NO++ N increases rapidly with increasing vibrational temperature. This may be the explanation of the decrease in electron density in the vicinity of red arcs and during disturbed conditions. The vibrationally excited molecules can be produced by electron impact and possibly by the 0('D) deactivation process (1).
It has been suggested (Potter and Del Duca 1960) that vibrational excitation may be the energy source for excitation of the Na D lines according to Na+N2* -&Na('E) +Ng, and Hunten (1965) has obtained evidence that this reaction occurs in low altitude auroras. Recent laboratory work is described by Starr and Shaw (1966) .
Experimental studies of vibrational excitation and de-excitation processes and of the eGect of vibrational excitation on reaction rates would be of value. Bates (1955) has argued that the atomatom interchange process 0+02* -+02+0 may be an efficient mechanism for deactivating 02*. If it is not, a substantial population of 02 will occur in the atmosphere through production processes such as fluorescence in the discrete Schumann -Runge system. Apart from its eRects on the atmospheric chemistry, 02* can be ionized by solar radiation at longer wavelengths and the absorption of Lyman-alpha may be modified by its presence.
All of the reactions discussed so far are thermal collision processes. The nonthermal heavy particle collision processes which are of interest involve fast protons and the hydrogen atoms which result from electron capture by the protons in collisions with the atmospheric particles. The atmosphere is bombarded by protons during many auroras and in particular during polar cap auroras. Little information is available on the cross sections for the various possible processes beyond that given in Chamberlain's book (Chamberlain 1961) , which discussed in detail the collision processes which occur (see also Prag, Morse, and McNeal 1966, Eather 1966 ).
The position is similar in the case of electron impact. Electron impact excitation and ionization studies have a new importance since photoelectrons contribute substantially to excitation of the dayglow, the successful observation of which (cf. Wallace and McElroy 1967) provides a valuable additional means of investigating atmospheric properties.
Electron collision processes determine also the electron and ion temperatures in the ionosphere. Most of the important processes are known to sufhcient accuracy (cf. Dalgarno, McElroy, and Walker 1967) , with the exception of vibrational and rotational excitation of molecular oxygen. Recent work on the cooling of electrons colliding with 02 is described in papers by Takayanagi (1965) , Geltman and Takayanagi (1966) , Mentzoni and Rao (1965) , and Sampson and Mjolness (1966) . Fjeldbo, Fjeldbo, and Eshleman (1966) as appropriate to the atmosphere at 120 km. Chamberlain and McElroy (1966) argue that such low temperatures do not occur. Their argument rests on the assumption that CO2+ recombines rapidly with electrons and a measurement of the rate of dissociative recombination of CO2+ together with an identification of its end products is needed.
In discussing radiation losses, Chamberlain and McElroy (1966) assume that the rate coeflicient for vibrational deactivation of CO2 varies with temperature T as exp ( -82.8T '~'). The formula reproduces the high-temperature data adequately, but it is uncertain whether or not it remains appropriate over the possible range of Martian temperatures.
Because of the low densities prevailing in the Martian atmosphere, two-body collision processes assume a greater importance than in the terrestrial atmosphere, and radiative association, about which little quantitative information is available, may be the major recombination mechanism.
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